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Magma & its properties 


Magma 


¢ Magma has a wide range of compositions, 
but silica (SiO,) always dominates the mix. 


¢ Magma has high temperatures. 


¢ Magma its fluid—it has the ability to flow. 
Most magma actually is a mixture of liquid 
(often referred to as melt) and solid mineral 


grains. 


What is magma? 


= molten material that cools to form igneous rock 

* usually a solution of O and Si with smaller amounts 
of Al, Ca, Mg, Fe, Na and K and trace elements. 

= silicate melt + crystals + bubbles 

= some magmas are solutions of carbonates, 
sulphides or iron oxide 


BY : JHONNY 


Magma = Molten rock material, with or w/o crystals or other suspended solids. 


e May or may not contain dissolved gas phase (H90 or CQ9) 
e Vesicles = bubbles of gas formed in magma 
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ees eee Vertical scale is 10x 
Mesosp here = the horizontal scale 
Continental 
crust thickness 
greatly exaggerated 


Temperature 
and pressure 
increase 

with depth , 


_ Mesosphere: hot but stronger 
due to high pressure 
Asthenosphere: 

hot, weak, plastic 
Lithosphere: 

cool, rigid, brittle 
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Heat from the mantle causes rocks at depth to melt. 
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Melting point of 
0 500 1000 1500 2000 


minerals generally 
increases with 
increasing pressure. 


+ Decompression 
™ a melting can occur 
_- when hot mantle rock 
® moves upward and 
= pressure 1s reduced 
5 enough to drop 
- _ melting point to the 


temperature of the 
rising rock body 
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Rocks can melt as they rise and decompress 
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e Hot water under 
pressure 


— Water becomes 
increasingly reactive 
at higher 
temperatures 


— At sufficient 
pressures and 
temperatures, highly 
reactive water vapor 
can reduce the 
melting point of 
rocks by over 200°C 
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After Tuttle and Brown, Geologic Society of America, 1958 


Adding water lowers the temperature at which rocks melt. Sees 
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Mineral mixtures 


= Mixtures of 


minerals, such as 
quartz and 
potassium feldspar, 
can result in the 


melting of both at 
temperatures 


hundreds of degrees 
lower than either 


mineral would melt 
on its own 


Mixtures melt at lower temperatures 
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Crystals 


Modified from Schairer and Bowen, 1956, V 254, p. 16. American Journal of Science 
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What happens when magma cools? 


Slow cooling 

— main components organise into crystalline 
structures (the rock forming minerals) 

minor and trace components form accessory 
minerals 


Fast cooling 
— crystalline phases do not form 
_ result is a glass (supercooled liquid) 





<= Types of Magma 
Chemical composition of magma is controlled by the abundance of elements in the 
Earth. Si, Al, Fe, Ca, Mg, K, Na, H, and O make up 99.9%. Since oxygen is so abundant, 
chemical analyses are usually given in terms of oxides. SiO, is the most abundant 
oxide. 

Basaltic or gabbroic -- SiO, 45-55 wt%, high in Fe, Mg, Ca, low in K, Na 

Andesitic or Dioritic -- SiO, 55-65 wt%, intermediate. in Fe, Mg, Ca, Na, K 


Rhyolitic or Granitic -- SiO, 65-75%, low in Fe, Mg, Ca, high in K, Na. 


Basaltic Andesitic Rhyolitic 
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At depth in the Earth nearly all magmas contain gas. Gas 
gives magmas their explosive character, because the gas 
expands as pressure Its reduced. 





( 


1. Mostly H,O with some CO, 
2. Minor amounts of Sulfur, Cl, and F 
3. Rhyolitic or granitic magmas usually have higher gas contents than 


basaltic or gabbroic magmas 
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Y ves UCsI Origin of Basaltic Magma 


Much evidence suggests that 
Basaltic magmas result from dry 
Temperature partial melting of mantle. 








Basalts make up most of oceanic 
crust and only mantle underlies 
the crust. 


Basalts contain minerals like 


Normal Geothermal  ' 


hie olivine, pyroxene and plagioclase, 
) none of which contain water. 














Saal ia Geneaien: Basalts erupt non-explosively, 


indicating a low gas content and 
therefore low water content. 


Pressure or Depth 
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Most rhyolitic magma appears to result from wet melting of continental 
crust. The evidence for this is: 





= Most rhyolites are found in areas of continental crust. 


=» When most rhyolitic magma erupts from volcanoes it does so very 
explosively,indicating high gas content. 


" Solidified rhyolite contains quartz, feldspar, hornblende, biotite, and 
muscovite. The latter minerals contain water, indicating high water 
content. 
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Raised Geothermal Gradient 
Que to Becalic Heat Input 


